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Origination and spread of common wheat

Polyploid wheat

High adaptability




Genome plasticity and success of polyploid
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SHARE REVIEW
[ Genome Plasticity a Key Factor
in the Success of Polyploid
o Wheat Under Domestication

@ Jorge Dubcovsky* and Jan Dvorak i
Science, 2007
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Plasticity: gene sequence vs. gene regulation




Cis- and trans-regulation
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Challenge: large and complex genome

Genome size
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Epigenomic Strategies

» Detecting cis-elements and subgenome divergent

regulation
1) The bread wheat epigenomic map reveals distinct chromatin architectural and

evolutionary features of functional genetic elements. Genome Biol 2019,20, 139
2) The epigenomic atlas delineates the specificity of subgenome-divergent

development and stress responses encoded in wheat regulatory elements. Plant

Cell (2021) 33, 865

» Profiling trans-factor binding
Evolutionary rewiring of the wheat transcriptional regulatory network by

lineage-specific transposable elements Genome Research 2021,

doi:10.1101/gr.275658.121



Cis-elements and subgenome divergent regulation

1. Identify regulatory elements (RES)
Challenge: large genome size

2. Construct regulatory network
Challenge: assign target gene to enhancer

3. Detect subgenome regulatory divergence
Challenge: integration of multi-omics data



1. Define DNA regulatory elements: principle
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1. Define DNA regulatory elements

8_5 S5 S9 S2S6 S6
' . Ll § Traescsm Eﬁ{
Hokames 7 Il IR i
b & g Hakarae | N A
H3K36me3
A badian "\\\\\} H3K9ac l
M i O 4 \ HiKdmet " RAmi )
Q‘\y”’;""‘“«.-%x a. Gene density e | B | S
\ ¥ ,% b. H3K27me3 4 thuiila o ..Jn.nw.llh -.“L\_.Il idi b
IO» \\ \’W\,\“ ‘c J/ ‘_‘) g. Hgﬁg7ac AR siano s pa ek aaula n.LJ&,nimu |hﬁ.i'!l
AN R O ; ac
Q\'@) . '&\7 e. H3K4me3
i, A2 L %S -
NS Wit O g. H3K4med Genic state s o
’ 5]]1{ I ‘,\;‘[ 112 h. H3K36mes _ — — 1"
g RS il i |+ Hietamez Active state | 8 |Nos
&:\\\\x AN M ./5 j- MeC - ——— ]
o *ﬁ\\*\;a;*%,_,?jfga///‘/ib k. CACTA Repressive state | !4? o
NN /ey 1. LTR gypsy | B
7~’§:\§§i‘é¢(’///{0% m. LTR Gopid Heterochromatin | o
e ox; 7;—:“ a : o ﬂ
5" T\
5A 4 A'B Min -Max

LowpMeH
2 LoWpMEH
Z 9BBMEH
| _9B/ZMEH

L _E€BW9ENEH
L_E8WPpNEH

L_9e6MEH

C C/WPMEH
C_OBLZMEH
|_ZBWBMEH
Z CPWBMEH
L_E8W/ZMEH

=

7 £owoeHEH

T €aw/eHeEH

Histone modification: ChIP-seq
Chromatin accessibility: DHS-seq (DNase I-hypersensitive site sequencing)

DNA methylation: BS-seq Genome Biology (2019)



Sequence and epigenetic features of REs

Open chromatin DNA methylation CpG island
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2. Assign target gene to enhancer
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> Correlation based: functional interaction
» Hi-C based: physical interaction

Assign target to enhancers via correlating

epigenetic patterns with promoters



2. Assign target gene to enhancer: principle
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3. Subgenome divergent regulation

epi-groups of RE
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3. Subgenome divergent regulation: tissue specificity

Subgenome divergent REs target spikelet-specific genes
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3. Subgenome divergent regulation: stress responses

H3K4me3 and H3K9ac positively associated with stress responses

H3K4me3 H3K9ac H3K27me3
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3. Subgenome divergent regulation: stress responses

Predict stress responsive cis- and trans-elements based
on quantitative epigenomic changes
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Quantitative association of subgenome divergent
epigenetic modification, cis-/trans-elements

Subgenome divergence: cis-element density, AP2 binding, epigenetic marks
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The Plant Cell (2021)

» Coordination between sequence contexts, epigenetic factors, and
transcription factors in regulating subgenome divergence
» Quantitative epigenomic strategies facilitate mechanism study
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Epigenomic Strategies

» Profiling trans-factor binding
Evolutionary rewiring of the wheat transcriptional regulatory network by

lineage-specific transposable elements Genome Research 2021,
doi:10.1101/gr.275658.121
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Strategies detecting trans-regulation

Non-histone ChlIP

ChiIP-seq vs. DAP-seq

Sample fragmentatior
Immunoprecipitation

J DNA purification

N

Histone ChIP

ChlP-seq:
In vivo TF or tag antibody

Depending on antibody or
transgenic line

DAP-seq:

In vitro expressed TF-tag

Bartlett et al. Nat Protoc 2017
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DAP-seq profiling of responsive TFs

A
Abiotic and ABA responsive TFs

+ Homologous TFs of A. thaliana, O. sativa
and T. aestivum
+ Up-regulated TFs in RNA-seq
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DAP-seq vs. ChIP-seq

Enrichment of DAP-seq peaks in bivalent chromatin regions
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TFBS preferentially target stress response genes

Enrichment of TF targets (<10 kb) in stress-responsive genes
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Gene-proximal and distal TF clusters
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TE burst in Triticeae

Coding region

>80% non-coding region
Nenreeeeieted composed of TEs and repeats

(~ 15 Gb)
Function?
N7 en 5, () TE-derived transcription factor binding

q’%\ > Extent?
Q%’ (:TFs;‘ ﬁ
gene 1

» Evolutionary process?

® Review by Wei et al, 2015, Science China

Crs D . .
Jordan et al, Genome Biol. 2020
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Gene distal TFBS preferentially embedded in TEs
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Specific TE subfamily contributed to TF binding
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TE-embeded TFBS are relatively ancient

No single origin TE-TFBS in DHS are ancient

—~ DHS+TFBS

_LEBTSFgeg / RLG _famc13
DHS+TFBS ]
TFBS only | —II—— |1 |x
NoTFBS {—| [ ——

00 25 50 75
LTR distance

The degeneration of TEs subjected to a long-term
evolutionary selection to evolve to TFBS



nonTE TFBS derived from TE-embeded TFBS

TE | A Gene

reciprocal sequence comparison

TE'eT”;bBesdded Rediprocal BLAST NT":;SE
Similar 7 Nt TE-derived TE-embedded TFBS
71.9% 24.0%

TEe vs. non-TE TFBS

Not similar
28.1%
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nonTE TFBS derived from TE-embeded TFBS

TE | A Gene

TE-embedded _ -~~~ _ Non-TE
TFBS R‘??ffic_a[?&éST TFBS
Similar ] TE-derived
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TE-free
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> &
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== Non-triticeae

reciprocal sequence comparison
TE-embedded TFBS
vs. non-TE TFBS

Triticeae-specific
transposition and expansion
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nonTE TFBS derived from TE-embeded TFBS

Alignment of homologous TE-embeded and TE-derived TFBS
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Sequence alignment
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TEs contribute to ongoing regulatory expansion
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TEs rewired the regulatory network

TFs with targets induced > 20

Wheat response genes
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Summary

1. Detecting cis-elements and subgenome divergent
regulation

» Coordination between REs, epigenetic factors, and transcription
factors in regulating subgenome divergence

» Quantitative epigenomic strategies applied for mechanism study

Genome Biol 2019,20, 139
Plant Cell (2021) 33, 865

2. Profiling trans-factor binding
» High plasticity of the wheat stress response regulatory network

» Importance of TEs in promoting ongoing regulatory innovation

Genome Research 2021, doi:10.1101/gr.275658.121



Data resource 1

Detecting cis-elements and subgenome divergent regulation

http://119.78.67.240/cs_epigenome
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Data resource 2

Profiling trans-factor binding
http://119.78.67.240/dap-seq_Tu_jbrowse/
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